Knowledge of the genetic structure of populations of potentially pathogenic bacteria is important in understanding the epidemiology of diseases. Porpkyromonas gingivalis is thought to be an important aetiological agent in periodontal diseases and several methods have been used for typing strains of this species. Here, PCR with primers to repetitive extragenic palindromic sequences (REP-PCR) was compared with three other widely used molecular fingerprinting techniques -restriction endonuclease analysis (REA), ribotyping and PCR with arbitrary primers (AP-PCR) -to type I! gingiva& isolates from healthy and diseased periodontal sites. The data obtained with all four methods were in broad agreement and, with one exception, each subject harboured a single unique genotype of R gingivalis. REP-PCR of I! gingivalis resulted in the production of 5-10 amplicons, which gave unique electrophoretic patterns in each individual (10 REP-PCR types in 10 patients) and similar results were obtained with AP-PCR. Two isolates from one subject appeared identical by REP-PCR and AP-PCR, but could be differentiated by ribotyping, although there was only minor polymorphism. Thus, ribotyping and REA were the most discriminating methods; however, these are time-consuming and expensive relative to the PCR-based techniques. REP-PCR has the advantage that the same pair of primers is used for all species, whereas AP-PCR needs to be optimised by screening a range of primers. These results show that REP-PCR is a useful and rapid technique for typing R gingivalis.
Introduction
Porphyromonas gingivalis is considered to be a major aetiological agent in rapidly progressive forms of periodontitis. However, its presence is not always associated with disease and strains differ in their virulence [ 1, 2] . Therefore, it has been suggested that specific clonal types may be responsible for progressive disease and as a consequence strains that are found at healthy sites may represent relatively avirulent clones [3] . Suitable typing methods are needed to study this. In the past, P gingivalis has been typed by biotyping [4] , serotyping [ 5 , 6 ] and antibiotyping [7] . However, these methods designate bacteria to only a few groups, and may not be sensitive enough for differentiating between bacterial isolates of different pathogenicity. Modern typing methods based on molecular biology techniques have also been applied to P gingivalis. These include restriction endonuclease analysis (REA) of whole chromosomal DNA [8, 9] , ribotyping [9, 101 and amplification of DNA by PCR with arbitrary primers (AP-PCR) [9, 111. Recently, a new technique has been introduced known as repetitive extragenic palindromic-PCR (REP-PCR), which is applicable to a wide range of unrelated genera [ 121. The technique amplifies DNA sequences between repetitive elements (REP) in the genomes of prokaryotes, particularly gram-negative species, and because the position of these elements varies between strains, polymorphisms may be detected by band pattern. Multiple fbnctions have been proposed for these highly conserved, dispersed REPS including roles in transcription termination, mRNA stability and chromosome domain organisation [13-171. A few studies have shown that REP-PCR was sensitive enough to distinguish closely related strains of the same species and was a simple and rapid typing method for use in epidemiological studies [18] [19] [20] [21] . This study compared REP-PCR with the other commonly used molecular methods for fingerprinting I? gingivulis isolates.
Materials and methods

Bacterial isolates
I? gingivulis isolates were obtained from the subgingiVal plaque of 10 unrelated patients with chronic adult periodontitis as described previously [22] . Briefly, subgingival plaque samples were collected from both diseased (designated as active or inactive according to clinical criteria [22] ) and healthy sites in these subjects with two paper points per site, placed immediately into 100 pl of pre-reduced Fastidious Anaerobe Broth (Lab M) and transported to the laboratory within 1 h. The samples were then vortex mixed and the whole sample was spread on to Fastidious Anaerobe Agar (FAA; Lab M) and incubated in an anaerobic jar (H2 lo%, C02 lo%, N2 80%) at 37°C for 7-14 days. When samples yielded > 10 black-pigmenting colonies, 10 were picked at random and subcultured for purity.
When < 10 black-pigmenting colonies were found, all were picked. Each isolate was presumptively identified with a short scheme of tests [23] and confirmed by API Rapid 32A. A total of 65 P gingivulis colonies (isolates) was obtained from the 10 subjects and all were processed for genotyping as described below.
REA and ribotyping
Chromosomal DNA was extracted and purified from each isolate by a modification of the method of Owen [24] . REA and ribotyping were performed as described previously [22] . In brief, DNA samples were digested with PstI, HindIII, BglI and PstI and HindIII (Sigma) in combination and with the reaction buffers provided by the manufacturer. The cleavage products were run on agarose 0.7% gels containing ethidium bromide 0.5 pg/ml. After electrophoresis, DNA fragments were Southern blotted on to nylon membranes. Ribotyping was performed with a 16s + 23s rRNA probe (Boehringer Mannheim) from Escherichiu coli labelled with peroxidase (ECL kit; Amersham).
REP-PCR and AP-PCR
A 100pfi.d (several colonies) of I? gingivulis growth (24-48 h) was harvested directly from FAA plates into 300 pl of distilled water, heated for 10 min at 100°C and centrifuged at 13 000 g for 10 min. Previous tests showed that this procedure generally yielded sufficient template DNA for the PCR reaction. The reaction mixture in a 50-pl reaction volume consisted of 5 pl of boiled sample as template DNA, 5 pl 10 X buffer, 1.0 unit Tuq DNA polymerase (Promega), 0.2 m~ of dNTP, 1.0 p~ of each primer. Further details of the PCR reaction conditions and the primers used are given in Table 1 . The annealing temperatures, times of each part .9 .9 .9 .s .9
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of the cycle and the MgC12 concentrations used were optimised for each primer pair. All PCRs were performed in an Autogene I1 thermocycler (Grant) and resultant amplicons were analysed electrophoretically in agarose 1% gels containing ethidium bromide 0.5% pglml.
Comparison of DNA fingerprints
Gels of restriction digests (REA), ribotype patterns and PCR amplicon patterns were photographed with Polaroid film and a UV transilluminator (UVP, Cambridge) and then compared by visual inspection. Data collection was based on comparison of the DNA fingerprint of each isolate with that of other isolates from the same patient in adjacent lanes. Representative DNA fingerprints of isolates from each patient were used for comparisons among patients.
Results
All isolates were analysed by all four molecular methods on more than one occasion. The band pattern produced by each isolate showed the same similarities or differences with other strains on each occasion, although some of the minor amplicons obtained by the PCR methods occasionally varied. This did not influence the ability to differentiate isolates. When common major bands were seen, their size was always consistent by reference to DNA markers run on the same gels. to digest the DNA. Each of the patterns was unique to a given patient and only one of the 10 subjects yielded 19 gingivalis isolates with more than one REA pattern. Examples of isolates from seven subjects plus the reference strain W 50 are shown in Fig. 1 .
R EA fingerprin ting and ribo typing
Generally, ribotyping gave similar distinctions between isolates to those obtained by REA, when each endonuclease was used alone. However, the less complex band patterns produced by ribotyping made distinction between different genotypes easier than by REA. Fig. 2 shows the ribotypes of eight isolates from seven subjects generated by digestion of genomic DNA with the restriction endonuclease Pst I; eight distinct patterns can be seen. However, ribotyping was not without its difficulties, as two isolates from two separate subjects showed very similar patterns (Fig. 2a, lanes 2 and 3) , but these could be differentiated more easily by digesting with HindIII (Fig. 2b, lanes 2 and 3) . Also, lanes 7 and 8 of Fig. 2a and b show two isolates from one subject that had different ribotypes when digested with PstI (Fig. 2a) , but identical patterns when digested with HindIII (Fig. 2b) . Consequently, ribotype patterns needed to be checked by digestion with more than one restriction endonuclease before isolates could be deemed identical.
When PstI and HindIII were used in combination to digest genomic DNA, all strains were indistinguishable by ribotyping and showed a single band of 2.2kb (Fig. 3) .
REP-PCR and AP-PCR
A random selection of 30 isolates and one reference strain (W 50) was examined by REP-PCR and AP-PCR. These isolates were chosen to represent strains with different REA types and ribotypes from different subjects and those from different sites within the same individual but with identical ribotypes. Typing by Fig. 2. (a) Ribotypes of eight I! gingivalis isolates from seven subjects, generated by digestion with PstI: lanes 1-7, isolates from separate subjects; 7 and 8, isolates from the same subject. All isolates show distinct patterns, although lanes 2 and 3 show very similar banding. (b) Ribotypes of the same eight isolates as in (a) but generated by digestion with HindIII: lanes 2 and 3 are more clearly different than in (a), but lanes 7 and 8 appear identical. REP-PCR clearly distinguished between virtually all strains and confirmed the finding obtained with REA and ribotyping that each unrelated individual harboured a distinct genotype of P gingivalis. Fig. 4 shows seven representative P gingivalis isolates from five subjects; all strains had a major band of 890 bp. Two isolates with the same ribotype are shown in lanes 3 and 4 and two isolates with different ribotypes but from the same subject are shown in lanes 7 and 8. Although REP-PCR was highly discriminating, it did not distinguish between the latter two isolates. All I! gingivalis isolates tested so far have given amplicons by REP-PCR.
AP-PCR with a range of primers also gave good discrimination between strains, but with two of the primers (970-1 1 and 940-1 1) the study failed to obtain any amplicons with several clinical isolates, despite numerous attempts and varying the PCR conditions (e.g., Fig. 5c , lane 5). The AP-PCR patterns showed the same distinction between isolates as seen with REP-PCR, but with two exceptions. Two isolates from two unrelated subjects gave identical band patterns with each of two primers (OPA-03 and OPA-13), and very similar patterns with the primers L-10 and 970-1 1, but with one minor band difference (e.g., lanes 1 and 2 of Fig. 5a , b and c). The strain in lane 2 could not be amplified with primer 940-11 (data not shown). In contrast, these same isolates could be distinguished much more easily by REP-PCR (Fig. 4, lanes 1 and 2) . None of the AP-PCR primers nor REP-PCR could distinguish the difference between two isolates with different ribotypes that were obtained from one subject (lanes 6 and 7 of Fig. 5a , b and c, and lanes 7 and 8 of Fig. 4) .
AP-PCR of all P gingivalis isolates tested to date showed two common bands at 413 bp and 590 bp with primer OPA-13 (Fig. Sa) , a common band of 642 bp with primer L-10 ( Fig. 5b) and two common bands at 820 and 1200 bp with primer 970-11 (Fig. 5c ). These may be of value for speciation. 1-7) obtained from five subjects. Lanes 3 and 4, two isolates with the same ribotype from a single subject, which have identical band patterns, although with different intensities of the uppermost band; 7 and 8, isolates with different ribotypes from the same subject (lanes 7 and 8 of Fig. 2a ) which show identical band patterns; 1, 2 and 5 , isolates from amplicon of 890 bp is common to all isolates.
Fig. 4. REP-PCR of seven E gingivalis isolates (lanes
Discussion
The application of population genetic analysis to oral microbiology could provide important information on the acquisition and transmission of putative pathogens, particularly the exogenous/endogenous origins of those organisms and their geographic variation in relation to disease. For such analysis, sensitive and reproducible techniques for comparing strains are required. The work described here compared a range of commonly used methods with a new less frequently used technique for the typing of I? gingivalis isolates.
REA of chromosomal DNA fingerprinting has been shown to be a useful method for many bacterial species, because it offers a precise means of characterking species and of identifying individual strains of closely related bacteria [28] . Also, REA has been used for typing of l? gingivalis [8, 9, 22] and in the present study REA gave useful information on the genotypes and intra-and inter-subject distribution of strains. However, the technique suffers from the production of very complex band patterns and sometimes differences between patterns were so small that comparison and differentiation were very difficult. For this reason, ribotyping was introduced [29] and has been applied successfully to the genotyping of many different three separate subjects; 8, 100-bp DNA ladder. A major bacteria; including l? gingivalis [9, 10,221. The advantage of ribotyping is that it greatly reduces the number of bands in the fingerprint and so more readily facilitates comparisons between strains. However, the disadvantage of this technique is that it only provides information about specific regions within the genome, and while other regions may vary they would not be detected by the probe used [28] . In addition, ribotyping is a relatively expensive and time-consuming method. In contrast, PCR-based methods offer the convenience of speed, relative cheapness and the requirement for only small amounts of DNA. et al. [9] , but REP-PCR has not been applied to I? gingivalis isolates before. All methods used in the present study were capable of distinguishing the majority of strains and were in broad agreement, but ribotyping was the most discriminating method. For example, some isolates of I? gingivalis from a single subject could be Mouton et al. [25] described the use of a primer (970-11) which distinguished many human and animal strains of I! gingivalis, although it failed to distinguish the closely related laboratory strains W 50 and W 83. Also, van Steenbergen et al. [9] found that primer 970-1 1 could not distinguish between two isolates which had different ribotypes, and this is in agreement with the findings of the present study. Thus, many arbitrary primers suffer from lack of specificity for strain differentiation and isolates yielding identical amplicons should always be checked with other primers before concluding that they are identical strains. Although less of a problem with REP primers, the degeneracy of the primer pairs used also probably accounts for their inability to distinguish 100% of genotypes.
In conclusion, PCR-based methods offer the advantages of speed and simplicity over REA and ribotyping; however, both REP-PCR and AP-PCR failed to discriminate between closely related isolates. Recently, REP-PCR has also been applied successfully to the differentiation of Streptococcus oralis strains [ 3 01. Consequently, it is suggested that for comparison of strains for epidemiological purposes, REP-PCR should be performed on boiled extracts of whole organisms under the conditions described in Materials and methods. This will provide a fairly rapid screening of strains. If isolates differ in their REP types, they can be taken as being genetically distinct, but if they appear identical they should be subjected to ribotyping for confirmation with more than one restriction endonuclease to digest the genomic DNA.
